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Dr Hatadoi:10.1016/j.jtcvs.2004.09.009Objective: Although useful procedures for radial artery harvest have been reported,
forearm circulation and collateral perfusion after radial artery harvesting remain
unknown. To assess an optimal radial artery harvest technique for forearm circula-
tion, we designed a prospective randomized trial.
Methods: Ninety patients were divided into 3 groups of 30 patients. Electrocautery,
an ultrasonic scalpel, or sharp scissors and hemoclips were used to harvest radial
arteries in groups 1, 2, and 3, respectively. The incidences of harvest site pain,
numbness, swelling, discomfort, hematoma, and infection were compared. With
forearm thermography, recovery times from cooled down 5° back to rest tempera-
ture were compared between groups. All patients had postoperative forearm an-
giography at 1 and 12 months.
Results: Although there were no differences in the incidences of pain, swelling, and
discomfort, the incidence of numbness was significantly lower in group 3 (P 
.003). The temperature recovery time was significantly shorter in group 3 (P
.0009). On postoperative angiography at 1 month, the incidence of the development
of interosseous arteries was significantly higher in group 3 (86.7%) than in groups
1 (23.3%) and 2 (36.7%). The 12-month study, however, showed that there was no
difference among groups (73.3%, 80.0%, and 93.3% in groups 1, 2, and 3, respec-
tively).
Conclusions: These results suggest that sharp dissection with scissors and clips may
be better for early postharvest forearm circulation and can decrease the incidence of
hand numbness. However, there were no differences among the 3 methods with
respect to forearm circulation 12 months after radial artery harvest.
Although there have been studies evaluating the radial artery (RA)graft free flow and patency in various RA harvest techniques,1,2differences in forearm circulation and collateral perfusion in RAharvest techniques have not been described. We designed a pro-spective randomized trial to assess the optimal RA harvest tech-nique for maintaining forearm circulation and preventing harvest
site complications.
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Ninety patients were enrolled in this trial. Entry criteria
were that the patient had an indication for coronary artery
bypass grafting with a negative finding on a modified Allen
test; patients with uncontrolled diabetes, peripheral vascular
disease, severe obesity (body mass index of 35 kg/m2),
renal dysfunction (serum creatinine level of 2.0 mg/dL),
poor left ventricular function (ejection fraction of 35%),
off-pump coronary artery bypass grafting, or emergency
operations were also excluded. All patients gave written
informed consent to take part in this trial.
Harvesting Techniques
We randomized patients into 3 categories. In group 1, RAs
were harvested by electrocautery; in group 2, by ultrasonic
scalpel; and in group 3, by sharp scissors and hemoclips. All
RAs were mobilized by the same operator (M.H.). In group
1, all the branches of RA were exposed by the electrocau-
tery. Hemoclips were put on just the proximal side of the big
branches. Otherwise, the electrocautery was used to cut the
branches. The RA was removed together with its collateral
veins after its proximal and distal ends were compressed. In
group 2, all the branches were cut with the surrounding
tissue by an ultrasonic scalpel without exposure of any
branches, and the RA was then removed by the same
technique as in group 1. In group 3, all branches were
exposed by sharp scissors. After the proximal and distal
sides of all branches were clipped, the RA was removed,
together with its collateral veins.
We assessed postharvest forearm perception by using a
questionnaire that contained 4 statements regarding pain,
TABLE 1. The incidence of early postoperative forearm co
Complication Group 1
Ischemia 0
Infection 0
Hematoma 2 (6.7%)
Pain 0
Numbness 6 (20%)
Swelling 1 (3.3%)
Discomfort 0
NS, Not significant.
TABLE 2. Results from thermography
Variable Group 1
Early RTD (°C) 1.8 0.6
12-month RTD (°C) 0.5 0.4
Early TRT (s) 225.1 62.5
12-month TRT (s) 96.1 32.3
RTD, Rest temperature difference; TRT, temperature recovery time; NS, nnumbness, swelling, and discomfort. The available re-
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administered at 7 days and 12 months after surgery. By
using forearm thermography, which is a testing technique
that uses infrared light and can take an accurate measure-
ment of body-surface temperature without direct contact,
the differences in rest temperatures between the surgical and
nonsurgical forearms were compared among groups. Also,
temperature recovery times, from cooled down by 5° with
an ice pack back to the normal rest temperature of the
surgical site, were also compared. All examinations were
made at 7 days and 12 months after surgery. All patients had
graft and forearm angiography at 1 and 12 months after
surgery.
Statistical Analysis
Statistical calculations were performed with StatView (SAS
Inc, Cary, NC) on a personal computer. Results are ex-
pressed as mean  SD. Statistical differences between
groups were analyzed with 2 testing and analysis of vari-
ance.
Results
Incidences of early postoperative forearm and hand prob-
lems are shown in Table 1. There were no complications of
post–RA harvest hand ischemia with hand pain on exertion,
Raynaud syndrome, or wound infection. Although there
were no differences in the incidences of pain, swelling, or
discomfort, the incidence of numbness was significantly
lower in group 3 (P .003). These symptoms disappeared
in all patients by the postoperative 12-month survey.
On postoperative day 7, although there was no difference
cations
up 2 Group 3 P value
0 NS
0 NS
.3%) 1 (3.3%) NS
0%) 1 (3.3%) NS
0%) 0 .003
0 NS
1 (3.3%) NS
Group 2 Group 3 P value
.7 0.5 0.4  0.3 NS
.5 0.3 0.4  0.2 NS
.5 54.3 17.4 11.5 .0009
.5 44.1 16.7 9.5 NS
nificant.mpli
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CDharvest forearm (1.8°  0.6°, 0.7°  0.5°, and 0.4°  0.3°
in groups 1, 2, and 3, respectively), the temperature recov-
ery time was significantly shorter in group 3 (225.1  62.5
seconds, 210.5  54.3 seconds, and 17.4  11.5 seconds in
groups 1, 2, and 3, respectively; P .0009; Table 2). The
12-month study, however, showed that there were no dif-
ferences in terms of rest temperature difference (0.5  0.4
seconds, 0.5  0.3 seconds, and 0.4  0.2 seconds in
groups 1, 2, and 3, respectively) or temperature recovery
time (96.1  32.3 seconds, 90.5  44.1 seconds, and 16.7
 9.5 seconds in groups 1, 2, and 3, respectively; Table 2).
Postoperative 1-month forearm angiography showed that in
26 patients (86.7%) in group 3, the interosseous arteries
were well developed and connected to the palmar arch
(Figure 1). However, in groups 1 and 2, this finding was
indicated in just 7 (23.3%) and 11 patients (36.7%), respec-
tively. In other patients, collateral vessels from interosseous
arteries were not so well developed or connected to the
palmar arch (Figure 1). Although at postoperative 1-month
angiography the prevalence of this finding was significantly
higher in group 3 (P .0012), there was no difference
among groups in the 12-month study (73.3%, 80.0%, and
93.3% in groups 1, 2, and 3, respectively).
Discussion
We found several significant symptoms in post–RA-har-
vested hands. Particularly, in groups 1 and 2, the incidences
of hand pain and numbness were somewhat high. Tatoulis
and colleagues3 reported that post–RA harvest scar com-
plaints were indicated in 33% of patients at 3 months after
surgery. Royse and colleagues4 reported the prevalence of
scar tenderness or hypersensitivity to be 20%. In fact, they
used electrocautery for their RA harvesting. These numbers
are quite similar to ours in group 1, in which an electrocau-
Figure 1. Early forearm angiography. In group 3, the in
the palmar arch (left). In group 1 or 2, the collateral
developed or connected to the palmar arch (right).tery was used to harvest RAs. Conversely, Budillon and
The Journal of Thoracicolleagues5 used only sharp scissors and metal clips for RA
harvesting and reported that post–RA harvest cutaneous
paresthesia was indicated in just 3.7% of the patients. Sim-
ilarly, in group 3 in our trial, post–RA harvest forearm
complications occurred in just 0% to 3.3% of patients.
What, then, is the cause of the differences between groups?
In general, post–RA harvest hand pain and numbness are
considered to be due to surgical trauma of the superficial
branch of the radial or lateral cutaneous nerves.6 A low
incidence of nerve damage would indicate that all nerves
but the lateral cutaneous nerve of the forearm have been
easily avoided. In all procedures in this study, care was
taken to avoid the lateral cutaneous nerve, which crosses the
RA laterally to medially near the distal extremity of the
incision. Saeed and colleagues7 reported that the occurrence
of sensory symptoms is due to often-unavoidable trauma or
edema around the superficial branch of the radial or the
lateral cutaneous nerves of the forearm. Obviously, electro-
cautery may deteriorate tissue around the RA and cause
more edema because of thermal injury. Even with the ul-
trasonic scalpel procedure, tissue edema may be caused
after RA harvest because of ultrasonic vibration and tissue
protein denaturation. The ultrasonic scalpel is a surgical
instrument for cutting and coagulating tissues; it operates at
a frequency of 55.5 kHz. Its coagulation and cutting mech-
anisms are different from those of electrocautery. Bleeding
vessels are coapted by tamponading and are then sealed
with a denatured protein coagulum. Tanemoto and col-
leagues8 reported that an ultrasonic scalpel could limit the
thermal effect on the operating site but that the local tem-
perature would still come up to 80°. However, RA harvest
with sharp scissors and clips does not cause thermal injury
and so can result in minimal tissue damage.
In thermography in this study, although there was no
seous arteries were well developed and connected to
els from the interosseous arteries were not so wellteros
vesssignificant difference regarding the rest temperatures of the
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icantly shorter in the harvest sites undergoing the sharp-
scissors procedure. We consider that the sharp-scissors pro-
cedure can reduce collateral damage compared with
ultrasonic scalpel electrocautery, thus allowing the surgeon
to dissect closer to the RA and reducing thermal injury
around the muscle. Most muscles of the forearm are pre-
dominantly—directly or indirectly—supplied by the ulnar
artery rather than the RA. Furthermore, collateral blood
from the ulnar artery provides the main blood supply to the
ulnar and median nerves, with important sensory and motor
functions.4 These findings are considered to well represent
our patients’ perceptions in the early postharvest forearm
assessments.
There are still concerns that RA removal may effectively
reduce forearm blood supply. Several investigators have
reported on collateral blood flow in post–RA harvest fore-
arms by using a duplex scan or plethysmography.9-11 How-
ever, there have been no reports of direct angiographic
assessment of post–RA harvest forearm collateral blood
flow. The vascular supply to the forearm is provided by an
anastomotic network that receives contributing branches
from the RA, the ulnar artery, and the anterior and posterior
interosseous arteries. Buxton’s group at Melbourne Univer-
sity reported that even though the superficial palmar branch
of the ulnar artery did not supply the thumb in approxi-
mately 34% of hands, a complete deep palmar arch was
present in all hands, thereby enabling the RA to be safely
harvested.12 Most important is the protection of the small
collateral vessels from the ulnar and interosseous arteries. In
Buxton’s unit, they use only a sharp-scissors technique to
prevent thermal injury of collateral vessels around the tissue
and so could state that RAs could be safely removed in all
hands.13 Rafael Sadaba and colleagues14 reported that re-
moval of the RA significantly reduced tissue perfusion in
the hand and forearm but did not affect hand function in the
short term in their study with technetium Tc 99m. They did
not describe details of their harvest technique but did men-
tion a standardized manner with a combination of electro-
cautery and sharp scissors. In this study, early post–RA
harvest forearm angiography showed well-developed collat-
eral perfusion from the interosseous artery connecting di-
rectly to the distal side of the RA in patients in whom the
sharp-scissors technique was used. There were no such find-
ings in the early stage for the other 2 methods. This might
suggest that the small collateral vessels were damaged by
thermal injury with the electrocautery or ultrasonic scalpel.
Numbness and paresthesia are the most common com-
plaints in post–RA harvest forearms, but usually these
symptoms are transient, without any functional distur-
bance.6 Meharwal and Trehan15 reported that such symp-
toms disappeared between 3 and 6 months in 98.8% of
patients. Another study using questionnaires also noted that
888 The Journal of Thoracic and Cardiovascular Surgery ● Apri98.1% of patients had no problems with their hands at 12
months after surgery.16 There was no incidence of posthar-
vest hand pain in any patient in this study, and numbness
was gone by the 12-month survey. Even in groups 1 and 2,
rest temperature and temperature recovery time on thermog-
raphy markedly improved. Furthermore, forearm angio-
grams showed that the collateral vessels from the interosse-
ous and ulnar arteries had developed at 12 months after
surgery. Such findings would be related to recovery from
any transient thermal injury of the nerves and inflammatory
edema of the tissue around the RA harvest site. This would
have been caused by recovery of the collateral blood flow
from the anastomotic network in the forearm. We believe
that meticulous dissection using only sharp scissors and
clips is critical for avoiding early postoperative neurologic
sequelae of RA harvesting. However, any consequent injury
after surgery by electrocautery or the use of an ultrasonic
scalpel may be transient and will improve in the long term.
Conclusions
RA harvesting with sharp scissors and clips seems much
better for early postharvest forearm circulation and can
decrease the incidence of hand numbness. However, there
were no differences in forearm circulation among the dif-
ferent harvest methods at 12 months after RA harvesting.
From a patient’s long-term postoperative perspective, any
RA-harvesting techniques would be acceptable.
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